We report on the successful installation and operation of a scanning transmission x-ray microspectroscope ͑STXM͒ at the PolLux facility at the Swiss Light Source. This integration of an advanced STXM with improved sample handling capabilities and a novel beamline provides unique capabilities. PolLux uses linearly or circularly polarized x-rays from a bending magnet with an extended photon energy range ͑200-1400 eV͒. It is therefore well suited to determine a sample's quantitative chemical composition, molecular orientation, or thickness of organic as well as condensed matter materials. The local magnetic state of magnetic thin films is accessible through fast helicity switching by steering the electron beam off axis through the bending magnet. Ex vacuo girder movers allow fast and highly reproducible ͑Ͻ1 m͒ alignment of the instrument with respect to the photon beam. The present spatial resolution is ϳ20 nm, limited by the zone plates utilized. The instrument has the stability and positional resolution to operate with much higher resolution optics as it becomes available. In addition to characterization experiments, we present several typical examples from materials research and environmental science to exemplify the capabilities.
I. INTRODUCTION
The recent advances in nanotechnology have led to the development of new experimental techniques to investigate nanoscale materials with unprecedented resolution. The various scanning probe techniques ͓e.g., scanning tunneling microscopy or atomic force microscopy ͑AFM͒ and their related techniques͔ have revolutionized modern surface and interface science allowing atomic resolution. Most of the investigations with AFM often rely on the correlation with morphology. Electron microscopy can compete in terms of spatial resolution with the above mentioned scanning probe techniques and in the case of transmission electron microscopy ͑TEM͒ is not limited to morphology information. Highresolution TEM determines atomic positions in bulk with highest accuracy and full atomic resolution, i.e., it yields bulk information at ultimate spatial resolution.
However, obtaining the morphological information is often insufficient and the electronic properties, element composition, chemical state, and-in some cases-the magnetic properties of nanoscale materials have to be explored. This requires the combination of high spatial resolution with detailed spectroscopic information. Based on their unique interaction with matter, soft x-rays have developed into a powerful tool to gain insight into the electronic properties and chemical or magnetic state in condensed matter. 1 Usually the characteristic properties vary across the sample and the spatial distribution of these variations has to be investigated at sufficiently high spatial resolution. Soft x-ray absorption spectroscopy combined with high spatial resolution is an ideal tool for such tasks, since it provides the necessary information with high sensitivity, minimum sample preparation, and flexibility of using a broad range of environments, such as magnetic fields, liquids, and gas flow. In particular, the near-edge x-ray absorption fine structure ͑NEXAFS͒ shows superior sensitivity in organic materials, 2 since the excitations of 1s electrons of the light elements carbon, nitrogen, and oxygen ͑i.e., the major constituents in organic molecules͒ into unoccupied molecular orbitals/electronic states are governed by the local chemical surrounding of the excited atom. In order to achieve high spatial resolution in scanning transmission soft x-ray microspectroscopy, Fresnel zone plates ͑FZPs͒ are commonly utilized to focus the x-rays to a point focus. Images are formed from raster scanning the sample through the focal point while measuring the transmitted intensity I trans using an x-ray detector. By varying the photon energy E and the polarization P ជ or sample parameters such as the temperature, a multidimensional data set I trans ͑x , y , E , P ជ ,...͒ is obtained. By comparing the data to the well-known absorption edges of the elements 3 and to reference samples, information about the elemental composition, a͒ Author to whom correspondence should be addressed. FAX: ϩ41-56-310 3151. Tel.: ϩ41-56-310-5193. Electronic mail: joerg.raabe@psi.ch.
chemical bonding, sample morphology, and magnetic order can be obtained. Since the pioneering work of Kirz and Rarback 4 several such scanning transmission x-ray microscope ͑STXM͒ instruments have been built [5] [6] [7] [8] [9] [10] [11] and have thus become important tools for micro-and nanocharacterization in material sciences and condensed matter research.
Similar microspectroscopic experiments are also available in so-called full-field TXMs, which reduce image acquisition times to seconds by transferring a magnified two-dimensional image onto a charge coupled device ͑CCD͒ camera. 12, 13 This requires a different microscope scheme using a condenser lens in front and a magnifying micro-FZP behind the sample. Spectroscopic imaging requires the use of an adequate monochromator as, e.g., presently used at BESSY ͑U41 beamline͒. 14 The present paper describes the features of the present PolLux-STXM, which is installed at a bending magnet of the 2.4 GeV electron storage ring of the Swiss Light Source ͑SLS͒ ͑Villigen, Switzerland͒. The PolLux-STXM is based on the STXM installed at BL 5.3.2 of the Advanced Light Source ͑ALS͒ ͑Berkeley, USA͒ but has several significant improvements. It operates at an increased photon energy range from 200 to 1400 eV, since a high-energy grating has been implemented to the beamline, thus offering improved conditions to investigate, e.g., transition metal samples. The SLS top-up mode gives much higher stability to the electron beam allowing much higher integral count rates. In addition, the superior beam stability at the SLS and the implemented feedback systems even allows one to control the local tilt of the storage ring orbit ͑see Sec. II C͒. This results in circularly polarized light which at present can be switched from left-to right-handed circularly polarized light with repetition rates of 1 Hz at present ͑10 Hz in near future͒ without moving any of the position sensitive mirrors of the monochromator. This operation mode will allow new experiments to explore magnetization dynamics in nanomagnetic materials based on the x-ray magnetic circular dichroism contrast. Further improvements include, e.g., ex vacuo girder movers to easily align the instrument with respect to the illuminating beam. The successful installation of prototype STXM at the PolLux facility has triggered the commercial availability of STXMs to become a widely distributed nanoanalysis tool in modern synchrotron research.
In summary, the unique features of the PolLux facility are as follows.
• The alignment of the instrument with respect to the beamline is much easier, faster, and more flexible by the use of ex vacuo girder movers.
• The interferometer resolution is improved over prior instruments, allowing improved feedback and microscope stability.
• Due to the improved storage ring performance with respect to beam stability including fast-forward feedback implementation and the use of top-up injection at the SLS storage ring, PolLux offers new opportunities such as routine operation of fast helicity switching ͑presently 1 Hz, in the future around 10 Hz or even faster͒ which is an important prerequisite in micromagnetic analysis ͑which in combina- 
II. INSTRUMENT COMPONENTS AND THEIR PERFORMANCE

A. Monochromator, PolLux beamline
Similar to the original concept of Kirz and Rarback, 4 the PolLux instrument uses a spherical grating monochromator with horizontal dispersion, a Fresnel zone plate ͑FZP͒, an order selecting aperture ͑OSA͒, and a raster scanned sample. 7 The technical implementation is based on the design of the beamline 5.3.2 STXM at the ALS. 5, 16 The PolLux instrument was designed as a robust, user friendly experiment providing large flexibility for different sample environments.
The source is a bend magnet with a critical energy of 5.5 keV. 17 The optical principle of the beamline is shown in Fig.  1 . A horizontally deflecting toroidal mirror creates a horizontal focus of the bending magnet source at the entrance slit ͑S1͒ with a magnification of M hor =1:1. The monochromator with two spherical gratings ͑300 and 600 lines/mm, respectively͒ in a fixed -mount disperses in the horizontal plane. In the vertical direction the source is imaged by the toroidal mirror M vert = 1.8: 1 onto the exit slit ͑S2͒ that is acting as secondary source for the FZP located 1 m downstream. The details of the design and performance predictions are provided in Ref. 18 .
The principle of the optical design follows a concept developed at the ALS, 16, 19 which demonstrated the possibility to build a competitive STXM instrument at a bending magnet without the complexity and costs of an insertion device beamline. For maximum spatial resolution, the exit slit must limit the illumination of the zone plate to the coherent fraction of the incident photon phase space. 20, 21 This leads to the design of a long beamline with small magnifications. The fraction of the phase space of the source which cannot be coherently imaged by the zone plate is used to deliberately overfill the slits. This improves the signal-to-noise ratio because it reduces the sensitivity to drifts and vibrations. The entrance slit ͑S1͒ can be used to gain photon flux at the expense of energy resolution without sacrificing the spatial resolution, which is only determined by the size of the exit slit ͑S2͒ and the properties of the zone plate.
Compared to the ALS beamline 5.3.2, PolLux covers a wider photon energy range that extends to E = 1400 eV. This allows investigations on correlated electron systems ͑Cu L edge͒, GaAs and its variants ͑Ga L and As L edges͒ and on rare-earth containing materials ͑M IV-V edges up to holmium͒. The configuration of PolLux also offers easy access to circularly polarized light in addition to the standard linear polar-ization, enabling the investigation of magnetic materials. Circularly polarized light is obtained by a controlled local tilt of the storage ring orbit, a new and unique feature which will be described in Sec. II C.
In the PolLux monochromator, the gratings G rotate around the vertical y-axis formed by two flexure hinges. The two gratings are mounted on a single carriage allowing a vertical translation guided by cross-roller bearing stages. They can be individually adjusted in four degrees of freedom ͑z,R x , R y , R z ͒ allowing an alignment of the grating surface and grove orientation with respect to the rotation axis of the monochromator. The grating rotation R y and translation y are remotely controlled by motors and encoders located outside the vacuum. Details of the mechanical design and characterization are published by Henein et al. 22 The vacuum separation between the STXM and the beamline is achieved by a silicon nitride membrane ͑Si 3 N 4 , 100 nm thick͒ located just upstream of the FZP. Measurements with the STXM can then be either at atmospheric pressure ͑air or He͒ or in a vacuum of ϳ10 −6 mbar ͑which is more than three orders of magnitude smaller than for the ALS STXMs͒. A gas cell, located between the exit slit S2 and the Si 3 N 4 membrane, is used for absolute calibration of the photon energy and for energy resolution measurements. For this purpose a 100 nm thick Al foil mounted in a manual gate valve can be inserted, which then separates the gas in the cell from the beamline vacuum.
B. Monochromator commissioning results
A number of photoion yield measurements at different absorption edges have been carried out using the gas cell in order to characterize the energy resolution of the beamline.
The well known N 2 1s → ‫ء‬ transition at about 400 eV was used to optimize the energy resolution using the 300 lines/mm grating ͑G1͒. An example is shown in Fig. 2 , using equal slit widths of 10 m for S1 and S2. Because of the intrinsic linewidth of the N 2 1s → ‫ء‬ transition, the energy resolution is not simply given by the width of the peaks but must be estimated by the ratio of the third maximum to the first minimum. 23 As seen in Fig. 2 , this ratio is 0.8, indicating a resolving power above 5000, which is adequate for the NEXAFS spectroscopy experiments performed at PolLux.
The relation between energy resolution and photon flux, Measured photoion yield at the nitrogen 1s → ‫ء‬ transition using the gas cell located between exit slit and FZP of the PolLux beamline ͑300 lines/mm grating, 10 m slits͒. The intensity ratio of the first minimum to the third maximum ͑0.8͒ indicates an energy resolution in excess of E / ⌬E ϳ 5000 ͑Ref. 23͒.
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PolLux: A new facility at the SLS Rev. Sci. Instrum. 79, 113704 ͑2008͒ which is of interest for practical experiments, is shown in Fig. 3 for the 300 lines/mm grating. The optical design allows a trade-off between photon flux and resolution by the settings of the exit slit opening ͑S2͒ and entrance slit ͑S1͒.
As illustrated in Fig. 3 , the energy resolution can be degraded from a value of ⌬E / E = 5000 to a value of ⌬E / E = 2000 by opening the entrance slit S1 ͑parallel to the energy dispersion plane͒ from 20 to 50 m while maintaining the exit slit ͑S2͒ at a nominal 50ϫ 50 m 2 . This is accompanied by an increase in the photon flux by a factor of 2.5 as shown to the right in Fig. 3 . Assuming a Gaussian intensity distribution at S1 we obtain the full width at half maximum ͑FWHM͒ horizontal focus at the entrance slit from the 76% value of the relative intensity. The experimental value of 165 m is in a good agreement with the value of 146 m obtained from ray tracing.
The resolving power has been checked at other photon energies using other gases ͑Ar: 240 eV; CO 2 : 280 and 540 eV; N 2 : 400 eV; Ne: 870 eV͒. The results are shown at the very low energy end of the instrument for the Ar L 2,3 absorption edge near 240 eV using the 300 lines/mm grating ͓Fig. 4͑a͔͒ and for the Ne 1s-np absorption edge near 867 eV using the 600 lines/mm grating ͓Fig. 4͑b͔͒.
The photon flux on the sample is shown in Fig. 5 for typical experimental conditions. To correctly measure it we include the absorption by the Si 3 N 4 vacuum window, the zone plate, and the order selecting aperture. In addition, we keep the spectral resolution constant by varying the width of the entrance slit ͑S1͒, and adjust for the energy dependant focal length of the FZP. 24 The photon flux at the sample was measured using the silicon photodiode which is one of the two standard detectors in the instrument.
The absorption edges of carbon ͑280 eV͒, nitrogen ͑400 eV͒, and oxygen ͑540 eV͒ result in local minima in the measurement because of contamination on the optical elements and absorption in the Si 3 N 4 membrane. The small dip at 265 eV is a result of light absorbed by oxygen contamination due to second order contributions from the monochromator. Below 200 eV, calculations predict a high contribution from third order light, 18 which is confirmed by the measurement. This limits the useful range of the PolLux experiment toward low photon energies. The region beyond 1000 eV still provides reasonable flux that can be exploited for experiments.
C. Polarization switching for x-ray magnetic circular dichroism analysis
Circularly polarized light can be generated by a localized angular tilt of the electron beam orbit within the dipole magnet. 15 Here, we introduce this tilt by means of a vertical asymmetric bump produced by four successive dipole correctors which are part of the standard SLS orbit correction system. 25 The maximum tilt amplitude is ⌬ = Ϯ 300 rad. To compensate for the increase in the betatron coupling, two skew quadrupoles, up-and downstream, of the PolLux dipole magnet are used. Presently, the switching is done quasistatically ͑ϳ1 s switching time͒. Fast switching with an expected upper limit of about 10 Hz is presently being implemented. The orbit bumps are invisible to other beamlines because any orbit deviations are compensated by the fast-orbit feedback with an accuracy of a few micrometers and up to a cutoff frequency of 100 Hz. The principle of polarization switching is sketched in Fig. 6 , where the upper panel shows the situation with ⌬⌿ = 0 which provides linear horizontal polarization. The opening angle of the dipole radiation is 0 and the beamline vertical acceptance is A , which is given by the opening of the entrance slit. The lower panel shows the beam tilted downward by ⌬, resulting in left circularly polarized light entering the beamline. For the STXM beamline, the usable vertical acceptance angle A is limited by the vertical acceptance angle of the zone plate and can be calculated by 
D. PolLux end station
The PolLux-STXM was developed by a collaboration of the ALS, North Carolina State University, the University of Erlangen-Nürnberg, the Paul Scherrer Institut, and the company ACCEL ͑Bergisch-Gladbach, Germany͒. 26 The principle of the instrument is shown in Fig. 7 . The FZP focuses the soft x-ray light to a diffraction limited spot. Higher diffraction orders are filtered out using an OSA, located between the FZP and the sample. The sample consists of a semitransparent silicon nitride membrane 27 or a TEM grid on which the sample is mounted. The intensity of the transmitted x-ray beam is measured by a large ͑ ϳ 0.5 mm͒ area detector behind the sample. At present two types of detectors are available, a photodiode and a photomultiplier tube coupled to a scintillator ͑phosphor screen͒, which converts 
Scheme showing how circularly polarized light is obtained from a bending magnet by tilting the storage ring orbit relative to the optical axis of the beamline. The beamline acceptance is A ; the tilt angle of the orbit is ⌬ ͑ՅϮ300 rad͒. the x-rays to visible light. The photon energy dependent focal length of a zone plate f͑E͒ is given by f͑E͒ = d FZP ⌬r͑1 / ch͒E. For typical zone plate parameters ͑outer diameter d FZP = 240 m, thinnest ring ⌬r =35 nm͒ this corresponds to an energy dependent focal length of f͑E͒ = a 1 E =7͑m / eV͒E. The OSA is positioned so that it provides maximum rejection of higher diffraction orders ͑both from the monochromator and the FZP͒ and maximum transmission of first-order light through its aperture of 70 m. The distance between OSA and the sample A 0 is then typically A 0 = 450 m at the C 1s edge ͑E = 285 eV͒ and 800 m at the Fe 2p edge ͑E = 709 eV͒. The motorized degrees of freedom for the different components are shown in Fig. 7 . Imaging of samples mounted on the piezonanoscanner stage is accomplished by raster scanning ͑x , y , z = const͒ across the x-ray focus. For spectroscopy, the FZP is moved along the z-direction ͑optical path͒ to track the energy dependence of the focal length, while the sample position is kept fixed. To achieve the required spatial resolution, tight control of the relative position of FZP and sample is necessary. It is realized by closed loop optical interferometry. 5, 28 The system used for PolLux has increased resolution over the 5.3.2. STXM ͑Agilent N1231A together with DeltaTau PMAC PCI lite motion controller͒ and offers therefore improved performance. The quality of the mechanics and the control are demonstrated by the smallest features that have been resolved. These are 15 nm walls separating 15 nm trenches in a FZP used as test object which was imaged using a FZP with ⌬r = 20 nm outmost zone width. 29 To allow easy and reproducible positioning of the FZP with respect to the stationary x-ray beam, the entire STXM is supported by a five-axis alignment system mounted outside of the vacuum chamber. This "mover system" was originally designed for the girders of the SLS storage ring. 30 It allows positioning along the x and y and rotation around the x-, y-, and z-axes with micrometer precision over a range of a few millimeters ͑for the rotation this corresponds to approximately microradiant precision and a milliradiant range͒. The precise alignment of the end station with respect to the photon source ͑illuminating beam͒ enables fast FZP exchange with a minimum of downtime ͑Ͻ15 min͒.
The PolLux-STXM has been designed to allow operation in high vacuum. A turbomolecular pump, mechanically isolated by a bellow and mounted on an independent stand, allows pressures down to 10 −6 mbar. The vacuum chamber provides easy access for sample exchange as well as the facility to provide fluids, gases, and cooling and for connecting electrical signals. It also provides ports for optical access, which will be used for optical levitation of individual nanoobjects. Extra ports may be utilized to implement a fast CCD camera thus offering simple implementation of differential phase contrast microscopy. Photographs of the PolLux-STXM are shown in Fig. 8 .
III. RESEARCH EXAMPLES
Soft x-ray STXM is an established technique for microspectroscopy of soft matter, 2,31 magnetic materials, 32, 33 and environmental and geosciences 34, 35 as well as for biological imaging. 36 With the increasing number of instruments available, more intense use is predicted and numerous new fields will make use of such type of microspectroscopy. Combining high spatial with high spectroscopic and even temporal resolution allows investigations of many properties relevant for micro-and nanostructured materials. The contrast in STXM is the spatially resolved x-ray transmission signal I trans which is given by I trans ͑r ជ͒ = I 0 ϫexp͕−͑P ជ , E , Z͒ · t͑r ជ͖͒, where I 0 and I trans ͑r ជ͒ are the incident and transmitted x-ray intensities at position r ជ, respectively. The absorption coefficient depends on the polarization P ជ , the photon energy E, and the atomic number Z. The local thickness of the sample is t͑r ជ͒. The sensitivity to the chemical elements comes primarily from the dependence of the absorption edges on the atomic number Z, but variations in the chemical state lead to significant changes in the position and intensity of absorption peaks in the near-edge region, thus providing detailed information on the chemical bonding.
1, 37 In the following, we show several examples illustrating the wide range of scientific questions that can be investigated using the PolLux beamline.
A. Magnetic imaging and spectroscopy
Since PolLux also provides circularly polarized light, it can be used for XMCD experiments. 38 As an example, we show results on a CoPt multilayer sample. The sample consists of a multilayer structure of Co and Pt ͑total Co thickness t =6 nm͒ on top of a IrMn film which induces an exchange bias. It is known that CoPt forms wormlike domains magnetized perpendicular to the film plane. 39 An image of these magnetic domains is shown in Fig. 9͑a͒ . They are visible as dark and bright regions of approximately 200 nm width in the dichroic transmission signal:
The Co L-edge spectrum is shown in Fig. 9͑b͒ for C + helicity. To check the effect of the bump angle ⌬ quantitatively, images were acquired as a function of ⌬. The analysis is shown in Fig. 9͑c͒ . The magnetic contrast ͑I ↑ − I ↓ ͒ / ͑I ↑ + I ↓ ͒ was calculated from the intensity on a domain magnetized up ͑I ↑ ͒ and from a domain magnetized down ͑I ↓ ͒. It increases linearly with the bump angle ⌬⌿ at a rate of 0.15% / rad. The relative intensity I͑⌬͒ / I͑⌬ =0͒ falls off quadratically, reflecting the beam profile folded with the acceptance of the beamline. At the maximum available tilt angle ⌬ = 300 rad the magnetic contrast is about 4%. When taking into account that the resonant absorption at the Co L edge of this sample ͑t Co =6 nm͒ is only about 20%, this corresponds to about 20% effective dichroism in the Co signal. This value is surprisingly close to what can be obtained on beamlines using circularly polarized undulators, indicating a high degree of circular polarization. A setup to explore the magnetization dynamics with subnanosecond resolution is presently being developed.
B. Spectromicroscopy of organic thin films
During the past decade, scanning transmission x-ray spectromicroscopy has been extensively used to study a number of carbonaceous materials, such as polymers, biomolecules, and soil colloids. [40] [41] [42] [43] Since NEXAFS spectroscopy at the carbon K edge is a measure of the geometric and electronic structure of the molecules using the characteristic C 1s → ‫ء‬ and ‫ء‬ resonances, STXM can fingerprint the chemistry of carbon containing samples. Major advantages of the technique include the possibility to perform quantitative compositional and orientational analyses of organic nanomaterials.
2, [44] [45] [46] [47] In the following example we monitor the morphology and molecular orientation in ultrathin organic films. Fabrication of highly oriented and ordered films by controlled growth and the fundamental understanding of the interrelations between structural and electronic properties of such films are important for the future development of organic electronic devices. In this example, 7,7,8,8-tetracyanoquinodimethane ͑TCNQ͒ films were grown on silver-covered Si 3 N 4 membranes by vacuum sublimation. TCNQ is a good electron acceptor and is known to form radical anion transfer complexes with a number of different metals. These complexes show a wide range of interesting electronic properties such as electrical conductivity and ferromagnetism.
Vacuum deposition of TCNQ on 5 nm thick silver films leads to the formation of s-shaped agglomerations of nanocrystals, which can be imaged using the PolLux-STXM as shown in Fig. 10 . When using a photon energy of 286.5 eV ͓Fig. 10͑a͔͒, strong absorption from the TCNQ crystallites is observed. The macrocrystal seems to consist of platelike microcrystals that might be rotated with respect to each other. At this photon energy the contrast is related to the sample thickness t͑r ជ͒, which is approximately uniform as seen from the equal gray level of all crystallites in the image. The rotation of the microcrystallites can be clearly discerned when using a photon energy of E = 284.2 eV ͓Fig. 10͑b͔͒. Since the light is linearly polarized ͑P ជ =linear horizontal͒, we predominantly excite electrons into the unoccupied ‫ء‬ -states. This absorption depends strongly on the carbon double bond orientation as shown in Fig. 10͑b͒ . The different gray levels of the microcrystals indicate the different orientations of their C-C double bonds in the constituting molecules. Local spectra acquired from microcrystallites of different orientations are shown in Fig. 10͑c͒ . These local spectra confirm that the absorption is independent of crystallite orientation at E = 286.5 eV, while absorption differs clearly for differently oriented crystallites at E = 284.2 eV. According to simulations performed by Schöll, 48 the resonances denoted as A, B, C, and D in Fig. 10͑c͒ can be attributed to the following C 1s → ‫ء‬ excitations: A: cyclohexadiene carbon bonds ͑C4͒; B: carbene ͑C2͒ and substituted cyclohexadiene carbon ͑C3͒ bonds; C: cyclohexadiene carbon ͑C4͒ and cyano group bonds ͑C1͒; D: cyano group bond ͑C1͒ and substituted cyclohexadiene carbon ͑C3͒ bonds. Accordingly, one can unambiguously conclude that the molecular plane of the TCNQ molecules in the dark areas of the STXM imaged at 284.2 eV are oriented upright with respect to the silver substrate, whereas in the bright areas molecules lie mostly flat on the substrate. Thus, STXM experiments with polarized lights allow the investigation of organic crystallites with a resolution of several tens of nanometers in addition to identifying not only the size and size distribution of the microcrystallites but also their absolute molecular orientation.
C. Artificial aerosols under controlled gas phase
To study samples with a high vapor pressure under a controlled gas atmosphere, a gas-tight climate cell has been developed. The cell is made from a sandwich of two silicon wafers, each 100 m thick ͓Fig. 11͑a͔͒. Both wafers have a silicon nitride window of 100 nm thickness in their center. The sample is deposited on the front wafer while the back wafer closes the cell. The custom made wafer at the back of the cell has two additional holes besides the main window, which serve as inlet and outlet for the gas flow. The sample space between the two wafers is sealed air tight using a film of 25 m thick glue ͑Scotch™ 3m Art. No. 9458͒. To secure complete tightness, the outside of the cell was sealed using rubber cement. The cell is mounted on a standard sample plate for the microscope, which was modified to allow connection of the gas supply to the cell. To minimize the x-ray absorption by the gas inside the microscope and the cell, helium is used as buffer gas ͑pressure ϳ1 atm͒. The gas flow is controlled by mass flow controllers and was chosen as low as conveniently possible ͑a few ml/min͒ to avoid any movement of the sample or bending of the thin silicon nitride membranes. Prior to entering the cell, the gas flow passes over ice or a water film of variable temperature, thereby controlling the humidity.
As proof of concept, we have studied mixtures of an inorganic salt ͑ammonium sulfate͒ with an organic acid ͑adi-pic acid͒. Two types of samples have been prepared. First, an aqueous solution of both substances was nebulized; the aerosol was then dried and deposited on the upstream silicon nitride membrane. A typical STXM transmission image of an aerosol particle ͑size approximately 500 nm͒ recorded at 540 eV is shown in Fig. 11͑b͒ . Second, an aqueous solution of ammonium sulfate and adipic acid was brought onto a membrane, dried and mounted to such a cell. In Fig. 11͑c͒ , we demonstrate the response of the O K-edge NEXAFS spectra to a change in humidity in the cell. For a humidity well below the deliquescence humidity of ammonium nitrate ͑80% relative humidity͒, the spectrum remains unchanged. Once the relative humidity is above the deliquescence point, the spectral changes reflect both the uptake of water and the phase transition from the solid ammonium sulfate into an aqueous ammonium sulfate solution.
D. Source speciation of aerosol particles in ambient samples
The morphology of diesel and wood smoke soot particles is very similar. They are generally smaller than 400 nm and consist of chains of primary particles with a graphitic structure ͓see Figs. 12͑a͒ and 12͑b͔͒. Diesel and wood combustion emission samples can, however, be distinguished based on the known C K-edge NEXAFS of bulk material. 34 Characteristic resonances in the spectra allow for direct molecular speciation of the graphitelike solid core, surface functional groups, and aromatic and aliphatic components depending on the origin of the soot. With STXM, it is possible to gain more detailed information on the variation in chemical structure of single soot particles. 49 We were able to obtain clear spectra of particles as small as 100 nm by averaging FIG. 11 . ͑Color online͒ Climate cell ͑a͒ consisting of two silicon wafers with Si 3 N 4 windows ͑t =100 nm͒ and a gas inlet and outlet ͑not visible͒. STXM transmission image taken at 540 eV of an individual particle composed of ammonium sulfate and adipic acid is shown in ͑b͒. The dependence of the oxygen K-edge spectrum of an ammonium sulfate/adipic acid film on the humidity is show in ͑c͒. See text for details.
FIG. 12. ͑Color online͒ TEM bright field micrograph of ͑a͒ soot particle from wood combustion and ͑b͒ diesel soot. Both consist of chains of primary particles. C K-edge NEXAFS spectra of ͑c͒ single soot particles from wood and diesel combustion and ͑d͒ from two particles in an atmospheric sample, collected along an arterial road in Zurich.
data of line scans with 20 nm step size and 10 ms dwell time. Diesel soot particles ͓Fig. 12͑c͔͒ contain a dominant spectral signature at 285 eV stemming from unsaturated ͑multiple͒ carbon bonds and a shoulder in the spectrum at ϳ291 eV from equivalent C = C -bonds from the graphitic core. The spectra from graphite also show these features, confirming the partial graphitic nature of diesel soot. The spectra of wood soot have a less graphitic nature but show a peak at 287.2 eV from C-OH bonds ͓see Fig. 12͑c͔͒ . These source specific signatures allowed discrimination between wood and diesel soot particles in an ambient air sample collected next to an arterial road in Zurich ͓Fig. 12͑d͔͒. The spectrum of particle 1 shows the characteristics of a diesel combustion source and the spectrum of particle 2 that of wood combustion. Additional peaks are found, for example, between 295 and 300 eV in particle 1. However, the spectra obtained from the atmospheric particles do not completely match the diesel and wood soot spectra. Most probably this is due to the particle aging, i.e., reaction with atmospheric gases and adsorption of new species. In order to investigate this question, the effects of particle weathering by ozone are being conducted at present.
E. Examination of gas-filled microballoons in water environment
Gas-encapsulated microballoons are of interest as contrast enhancers for ultrasound diagnostics and/or as carriers of therapeutic gases. 50, 51 Very recently, the PolLux STXM has been utilized for the first spectromicroscopy examination of gas-filled microballoons in aqueous solution. 52 Because the water in which the microballoons are suspended only weakly absorbs x-rays in the photon energy range between 280 and 520 eV, x-ray microspectroscopy of such objects in their natural water environment is very useful and an important tool for the development of applications.
In the present example, stable air-filled poly͑vinyl alcohol͒ ͑PVA͒-coated microballoons were prepared by crosslinking telechelic PVA at the water/air interface. 53 STXM measurements were performed using a wet cell containing approximately 1 l of a water microballoon suspension sandwiched between two Si 3 N 4 membranes of 100 nm thickness, 27 sealed with high-vacuum grease to maintain the water environment during STXM investigation. Figure 13 shows transmission images ͑20ϫ 20 m 2 ͒ of microballoons in a water environment recorded at ͑a͒ 520 eV and ͑b͒ 550 eV. The absorption contrast in Fig. 13͑a͒ , below the oxygen K edge ͑520 eV͒, is due to the strong absorption of the x-rays by the carbonaceous material, whereas the water and air have only weak absorption at this photon energy. Above the oxygen K edge ͑550 eV͒, the transmission changes drastically. The inside of the microballoons stays transparent ͑white͒, while the surrounding water turns absorbing ͑dark͒. This is due to the high oxygen 1s absorption in water and the low absorption in air, primarily due to their density differences. As one can see, the image shows some variations between the particles, namely, differences in the polymeric shell thickness and different absorptions from the internal part of the microballoons. Moreover, the microballoon labeled B shows almost the same absorption signal as the surrounding water at 550 eV ͓see Fig. 13͑b͔͒ . This suggests that microballoon B is filled with water, a finding that is corroborated by the oxygen K-edge NEXAFS spectra. The absorption spectra extracted from line scans across the inner part of particles A and B are compared in Fig. 13͑c͒ . A NEXAFS spectrum acquired from the surrounding water is also shown in this figure. The spectrum from microballoon B shows essentially the same resonances as the water spectrum except a small intensity decrease in the feature at 535.4 eV and an intensity increase in the peak at 532.1 eV. This result explicitly suggests the presence of water inside the balloon. In contrast to the spectra of the surrounding water and to particle B, the NEXAFS spectrum of microballoon A shows a strong resonance at 532.1 eV, which is assigned to the O 1s → ͑C=O͒ ‫ء‬ transition originating from the carbonyl groups of the telechelic PVA shell. 54 Furthermore, the water peak at 535.4 eV is absent in this spectrum while the main O 1s → ‫ء‬ resonance appears at around 537 eV. Hence, the NEXAFS spectrum of microballoon A shows only the resonances typical for the telechelic PVA shell. This result strongly suggests that microballoon A is air filled.
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IV. SUMMARY
The new PolLux facility at the Swiss Light Source allows soft x-ray microspectroscopic experiments on a wide range of materials with both high spatial and spectral resolutions. By using two gratings in a spherical grating monochromator an extended energy range from 200 to 1400 eV is covered. The obtainable spectral resolution is at least E / ⌬E = 5000 at 400 eV. Circularly polarized soft x-rays can be obtained by inducing a controlled vertical tilt of the electron beam in the dipole magnet. This tilt is fully compensated within the sector of the electron storage ring and invisible to other beamlines. The PolLux instrument uses interferometric control of the relative position between the FZP and the sample to maintain complete registry of the x, y coordinates as a function of photon energy. Its imaging per- formance is evidenced by the smallest structures resolved which are test patterns with 15 nm lines followed by 15 nm trenches. Because of its flexible sample environment, which includes heating, cooling, gas and liquid cells, and electrical connections to the outside, the PolLux-STXM offers a very wide variety of experiments from hard-and soft-condensed matter as well as in environmental science and biology.
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